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XXXV. Some Obfervations of the Planet 
Venus, on the Difk ofhheSun> June 6th % 
1 76 1 ; with a preceding Account of the 
Method taken for verifying the Time of 
that Phenomenon ; and certain Reafonsfor 
an Atmofphere about Venus ; By Samuel 
Dunn. 

Read Nov. 5, a $ foon as I heard, that fever al ma- 
17 U JljL thematicians were to go abroad, 
and obferve the tranfit of Venus over the dilk of the 
fun, from foreign parts, I purpofed to obferve the 
fame at Chelfea, and to compare my obfervation 
with the more accurate ones, which I expected 
would be made at the Royal Obfervatory at Green- 
wich. Suppofing, that if my obfervation at Chelfea 
was made with equal care, and as good inftruments 
for afcertaining time, as the inftruments to be ufed 
by the obfervers abroad, it might be ufeful, as a kind 
of proof, how exa£t the obfervations had been made 
abroad, where the obfervers had lefs conveniencies 
f<y afcertaining time, than at the Royal Obfervatory. 

Mr. Dollond (a member of the Society) had, 
fome time before, newly ground, and fitted up for 
me, a Newtonian reflecting telefcope, fix feet in 
length; which fo far exceeded expectation, that by 
it the Reverend Mr. Malkelyne (who is now at St. 
Helena) and myfelf, had feveral times obferved how 
long Jupiter's fatellites dwell on the limb of Jupiter, 
entering on the body. And I was provided with an 
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eight-day clock, having a fecond-hand, an iron pen- 
dulum, and an adjufting fcrew at its bob. 

Altitude inftruments of wood and brafs, adjufted 
by fpirit levels, had engaged my attention ; but having 
found feveral of thefe defective, by comparing their 
refults with meridian altitudes, and the time by the 
clock , and having many times examined the clok by 
double altitudes of the fun, taken with a Hadley's qua- 
drant, having a nonius to minutes, and an artificial ho- 
rizon of fweet oil in a tea-faucer, I determined to de- 
pend on fuch an inftrument and horizbn, for afcer- 
taining the error of the clock, and corre&nefs of my 
meridian. 

An artificial horizon of water, and even of quick- 
filver, I had found to be too eafiiy difturbed, and 
therefore had, fome time before, introduced oil, and 
found it vaftly preferable- And in taking altitudes, 
I always obferve, when the fun, or other celeftial 
body, is as near the prime vertical, or eaft and 
weft azimuth, as poffible $ and generally take either 
five double altitudes, half a minute of time afunder 
each, or three double altitudes, a minute of time 
afunder, dividing the fum by either ten or fix, as the 
cafe is, for a mean fingle altitude, correfponding to 
the mean time of thofe obfervations by the clock* 
And in taking the funs tranfit acrofs the meridian, 
I take a mean of the times of appulfe to feveral par- 
allel and equidiftant lines on each fide of the meri- 
dian, and it generally gives the tranfit 60 lefs than a 
fecond of time. 

The daily tables of the fun s declination, equation 
of time, &c. which I ufe, are thofe in the epheme- 
ddes of the Abbe de la Caille •, and the latitude of 
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thy place is 51 29* $" N. and 41" of time weft 'of 
the obfervatory at Greenwich, between the phyfic- 
garden and Chelfea hofpital. 

Several obfervations * for verifying the quadrant, 
meridian, clock, &c. made at different times of the 
year, were as follow \ viz. 

22d December 1760. Altitude fun's upper limb 
on the meridian i c° 6' 30". Error by calculation 
2" of a degree. 

26th December 1760, Altitude fun's upper limh 
on the meridian ic° iz / 15". Error by calculation 
8" of a degree. 

ad January 1761. Altitude fun's upper limb on 
the meridian 15 20' 42"* Error by calculation 3" 
of a degree, 

1 8th February 1761. Altitude fan's upper limb 
on the meridian 27 22 / 4c". Error by calculation 
4" of a degree. 

6th February 176 1. Sun on the meridian, by the 
clock, at i2 h 14' 35"* Error by equation table o" 
of time. 

nth February 1761. morning, at io h 20, per 
clock. Altitude fana upper limb 20 23'. Error 
of clock o f/ of time. 

nth February 1761, noon, fun on meridian, per 
clock, at 1 2 h 14/ 44? 4 Error by equation table o f/ 
of time* 

nth February 1-761, afternoon, at 6 h 37' 30" 
per clock. Altitude fun's upper limb 6 Q 37^ 30". 
Error of clock o ff of time* 

* A great number of others were made, although not inferted 
m this papejft 
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From 1 8th February to nth March, the clock 
had gained of equal time 37", which is near 2" of 
time per day. 

nth March to 10th April, the clock had gained 
of equal time 15", which is near 3^ of time per 
day* 

4th June, afternoon, at 4 h 52' per clock. Altitude 
fun's centre 27 40' 14", which is near 3" of time 
per day. 

6th June, afternoon, at 5 h 40' per clock. Altitude 
fun's centre 24 29' 5", which is near 3" of time 
per day. 

8th June, afternoon, at 5 h 20' per clock. Altitude 
fun's centre 23 45' 53", which is near 3" of time 
per day. 

9th June, noon, fun on the meridian, per clock, 
at i2 h 59 / 32", which is near 3" of time per 
day. 

Thefe latter ohfervations,fhe wing the gain of the clock 
3" of time per day, furprized me, as being contrary 
to my expectation $ for the clock had loft two or three 
feconds per day in winter, and therefore, I concluded 
it would lofe more in the ipring and fummer, by the 
lengthening of the pendulum ; but it happened quite 
the contrary, and the caufe thereof I could not de^ 
termine. 

For afcertaining the diameter of Venus, and alfo the 
pofition and diftance of the folar maculae from Venus, 
I had caufed to be conftrudted an instrument *, much 
like one which has been already defcribed to the So- 
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ciety, with this addition, which was originally defigned 

for that inftrumeht $ namely, E F 
and GH, two filver wires par- 
allel to the diameter AB, and 
^ diftant therefrom 30° = A E — 
AG = BF = BH, the three 
parallel wires EF, AB, and 
G H, being fixed, whilft the 
moveable wires CD and IK 
opened to any angle, as ILC for intercepting the 
diameter m n of Venus, whilft C D was perpendicu- 
lar to A B, and the planet was divided into two equal 
parts by the wire E F. This micrometer was placed 
in the eve-piece of a two feet Gregorian telefcope* 
W hich JagSified j 5 toes, and thrfugh d» 6e.d of 
view, of which the fun paffed in 1 18 feconds of time. 
I had two eye-glafies to the fix feet Newtonian * 
reflector $ one of which, being fix tenths of an inch 
focus* magnified no times j and the other, being 
three tenths of an inch focus, magnified 220 times, 
or four times that of the Gregorian refle&or. The 
greater of thefe two glaffes I purpofed to truft to, 
having often experienced its fuperiority in viewing 
the occultations of Jupiter's fatellites and the folar 
maculae. 

The idea I had formed of the internal contact was, 
that the planet would touch the edge of the fun in an 
inftant, like two drops of quickfiiver meeting on a 
plane, and that in an inftant the black contad would 
appear ; but in this I was deceived, the particulars of 
the phenomenon being as follows ; viz*. 



* The diameter of the great fgeculum of this telefcope was fix 
inches, 
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June 6th, a cloudy morning, till about fix o'clock, 
when the clouds began to diffipate, but not enough 
to afford a plain fight of Venus on the fun, till more 
than half paft feven, and the planet got nearer the 
limb of the fun, than I had defired to fee it firft on 
the difk. 

By repeated trials, the time in which the planet 
was paffing from the internal to the external contact, 
with the wire of the micrometer was 34 feconds of 
time, and the angle I C L of the angular micrometer 
was 8°. 

With the fix feet Newtonian refledor, and its 
magnifying power of 1 io, and alfo of 220 times, I 
carefully examined * the fun's difk, to difcover a fa- 
teltite of Venus, but faw none ; for I had a very clear 
dark glafs next my eye, and the fun's limb appeared 
moft perfectly defined 5 but a very narrow waterifli 
penumbra f appeared round Venus, by which its 
limb was not perfe&ly defined, and at the diftance of 
about a fixth part of Venus's diameter from its edge, 
was the darkefc par, of Venus's phafis, from whiA 
the centre, an imperfeft t light increafed, and illumi- 
nated about the centre. 

At 8 h i6 / per clock, I was prepared to obferve the 
internal conta&j and as Venus drew nearer to the 
limb of the fun, the penumbra near the limb of Venus 
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After the tranfit, tHl two o'clock afternoon the fame day, 
I continued obferving the difk with this telefcope, but faw no 
fatellite pafs over the fun. 

t This penumbra could not by any means be made to difap- 
pear, although I tried to make it vanifh, by altering the focus 
of the telefcope a great number of times. 

t This could not arife from any imperfeaioa of the telefcope, 
*s the folar maculae appeared fliarply defined, as through a re- 
fractor. 

became 
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became darker, and threatened to obfcure the point of 
contact at the inftant it would happen ; the circum- 
ftances of which, for each of the moments of time, 
are imperfe<5tly delineated, on account of the nearnefs 
of the lines, but more truly defcribed as follows ; (a 
right line reprefenting that part of the fun's limb near 
where the tontadt happened, and an arch the ap- 
proaching limb of Venus, for each three feconds of 
time, from the lofs of the thread of light.) 

A diagram, reprefenting the approach of Venus to 
the fun's limb, for each three feconds of time. [Vide 
tab. VIL] 

In this diagram, the black fegments reprefent 
Venus, and the right lines drawn nearly at contact to 
them, reprefent a fmall part of the fun's limb, as (ecn 
through a dark glafs ; the intermediate fpaces white, 
reprefent the iky. In words, (for each fecond of time 
by the clock) thus: 

a «. q a S No diminution of light between the 
At » 1 4 1 £ limb of Venus and that of the fun. 

C Slight penumbra, or diminution of 
% 1 6 42 < light, near where the contadt was 

C, to be. 
*> , C Penumbra of a grey colour, near the 
8 1 6 43 £ fame place. 

r Penumbra almoft brown, and the 
8 16 44^ thread of light very narrow, and 

almoft loft. 
Penumbra brown, and the thread of 
$ 16 45^ light in the con tad: point indiftin<a, 

C or loft. 
© a a S Penumbra more brown, and the touch 

s ib 4 e>£ the fmaUeft poffiblet 

At 
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8 1 6 50 More fo. 



q a 3 Penumbra almoft black, and the touch 

At 8 1 47 £ a littIe broaden 

g , g C Slight black in the point of contact, 

4 / and the edges a little broader. 
fi , CTrue black in the point of contadt, 

C an( * l ^ e ec %es a tittfc broader. 

f Here I concluded with my- 

felf, that obfervers would 

differ in their judgments 

q a Tvr r j about the moment of con- 

q a 5I ™ r ! taft, fome fecontfs of time, 
8 16 52 More lo. | Qr that fome would efti _ 

mate the contadt fooner 
than others. 

From thefe obfervations, I concluded, that the 
thread of light in the point of contadt was fo obfcured, 
as to be undifcernible at 8 b 16' 46", and that true 
black did not fucceed in the fame point, till 3" after, 
namely, 8 h 1 6' 49" 5 and from * both of thefe pro* 

perries. 



* As the fix feet Newtonian telefcope magnified four times as 
much as that of the two feet Gregorian telefcope, and the va- 
nifhihg of the thread of light, from its leaft degree of dufkifhnefs 
to a true black, was about j feconds of time by the fix feet te- 
Jefcope, the time in which the thread of light was vanishing 
from the leaft degree of duflcifhnefs to a true black, by a tw» 
feet Gregorian refleaor, may be fuppofed to have been 4 times 3 
= 12 feconds of time 5 and hence an error, or rather difference, 
of pronunciation, but not of judgment, may have arifen among 
good obfervers, if fome eftiniated the contact by the invifibility 
of the thread of light, and others by an apparent blacknefs in the 
point of contact, or, which is the fame thing, the time when 
the planet had made the leaft apparent dent in the fun's limb, 

of 
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perties, I concluded, that the real internal contact 
was at 8 h 1 6' 47" by the clock ; which makes 
8 h 16' 11" equal time, and 8 h 18' 2" apparent time, 
at Chelfea j and 8 h 1 8' 43" apparent time, at Green- 
wich. 

Whilft Venus was on the fun's limb, no other 
penumbra appeared between the limb of Venus 
and die fun, than had appeared before on the funs 
difk ; and therefore, I concluded there muft be an 
atmofphere about Venus, which, receiving weak irn- 
preflions of light between the limbs of Venus and 
the fun, occasioned the uncertainty of afcertaining 
the exadt inftant of the internal contaft, as above de- 
fcribed ; and becaufe my Newtonian refle&or fhewed 
obje&s clearer than the generality of Gregorian re- 
flectors, I concluded, that the aforegoing property 
was what no two feet refledtor was capable of exa- 
mining, the atmofphere being fo narrow* 

At 8* 35' per clock, the external contact was near, 
and not incumbered with fuch a penumbra, or partial 
light, as the internal conta&had been. At 8 h 35' 4", 
tfie leaft dent poffible, quite black, appeared i in the 
fun's limb. And at 8 h 35' 6 A/ , the limb was reftored 
to its perfect form, there having been a fmail trem- 
bling light, between the narrow watery border of 
Venus and the vanishing point of contact in the fun's 
limb for thefe two feconds of time. From which the 

of the fame colour, through a dark glafs, as the fky. This was 
verified by a two feet Gregorian refle&or, in the contact above- 
mentioned, and poffibly may have occafioned greater differences 
in eftimating the conta£, with lefler telefeopes, to no lefs than 
half a minute of time* 

external 
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external contad at Chelfea was 8 h 34/ 30" equal 
time, and 8 h 36' 21" apparent time; which makes 
8 11 yf 2" apparent time at Greenwich. 

From the aforegoing circumftances, it appeared to 
me, that the external contact was more eafily to be de- 
termined than the internal one, which was contrary to 
what I had before expe&ed ; and becaufe the point 
of contact muft have appeared through fuch a te- 
lefcope as I obferved with, in its proper colour, dark 
or black, fboner than through a fmailer magnifying 
power of equal light, I concluded, that, through my 
telefcope, the internal contact was vifible, fooner than 
through a two foot refledtor, ten or twelve feconds of 
time. 

And, confidering the aforefaid penumbra, or bor- 
der of partial light, furrounding Venus, as an atmo- 
sphere of that planet, with the time of its vanishing, 
24 feconds of time 5 and reducing this to the diameter 
of Venus, with due allowance for the oblique direction 
over the fun's limb, the atmofphere of Venus comes 
out 84 thirds of a degree, which is nearly about 
-?iv th part of Venus's diameter -, which diameter being 
nearly equal to the earth's diameter, the atmofphere 
of Venus comes out nearly 50 geographical miles. 

As thefe obfervations were made with care and at- 
tention, I have lain them before the Society only* 
and the more readily, as they reconcile a feeming coxi- 
tradition in Mr. Short's * numbers of the internal 

con tad; 
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* It having been 3 feconds of time from the inftant when the 
thread of light between Venus and the fun became fo indtftin&» 
as not to be properly termed light, to the inftant when the Mack 
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contact j and, whilft I am very certain with refpe& to 
the particulars of the external contad, cannot deter- 
mine why they differ from that ingenious obferver's 
numbers, or any other's, 

Samuel Dunn. 

%* When the limb of Venus was almoft dear 
©f the fun s dMk, I perceived a difficulty would 
occur at the laft conta<a> as the limb of the fun, 
and alfo that of Venus, which was to make die 
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contact appeared through a telefcope magnifying 220 times, the 
limits of time in which it continued in a like apparent ftate, by 

a telefcope magnifying \ r *® 1 times, may be fuppofed to have 

!.{,)}.«** te, and -{SSS*. , 'SH 

af Greenwich, the Hack conta£k> by the above obfervation, with 
Mr. Short's telefcope at Savile-Houfe 1 wa$ at f 8 K 18' 18* \ the 
the telefcope at Greenwich obfervatory J I 8 18 58 J 

obferyatioas at thofe places being [ g * j! 2 ** ] And, for other 

tetefcopes, the limits above-mentioned may be fuppofed to have 
heea nearly as in the following table. 



Magnifying power. | Limits 
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aoo times. 

80 

60 

So 
40 

35 

30 

25 
20 



■mil; 
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3" of time.. 

7 
8 

IX 

16 

*9 

22 

26 
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laft dent, approached (o near to a right line. 
This led me to confickr, that the fpherical ex- 
ternal angle of contact, by the fix feet telefcope, 
would be but an * eighth part of the fame angle 
by the two feet telefcope, the eye judging of 
the fame relative diftance in one telefcope as in 
the other; and that, therefore, as the verfed 
fine of the dent in the fun's limb was but a 
fourth part as large in one telefcope as the other, 
and the laft contact vanished in about 2f feconds of 
time, the laft contact might poffibly be eftimated, 
by a two feet Gregorian telefcope, about twice 
2^, or 5" or 6", feconds of time later than with 
a fix feet Newtonian telefcope $ which allowance 
being made, the apparent time of the two con- 
tacts, as reduced to a Gregorian reflector, mag- 
nifying 5$ times : by fuch a telefcope, the 
conta&s at Greenwich obfervatory were, viz. 
internal conta& 8 h 18' 55", external contact 
8 h 37 / 7". The accounts which have been 
publiftied of the obfervations made at Green- 
wich being, internal contadl 8 h 19' o", exter- 
nal contact 8 h 37' 9" $ and the difference in 
each within five feconds of time, an error an- 
fwering to about a 500 th part of the fun's di- 
ftance from the earth* 



* As the fpherical angle of conta& in the limb of Venus, and 
alfo of the fun, was four times as great in one telefcope as in the 
other, the fum of both is eight times ; which, being diminifhed 
by four times the apparent magnitude of the verfed fine #f the 
kaft vifible deht in the one telefcope, what it was in the other 
telefcope, leaves the one double to that of the other. 
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